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Abstract: Thymus pseudopulegioides plantlets were propagated in vitro via direct organogenesis by using Murashige and Skoog (MS)
media containing kinetin, thidiazuron, and 6-benzyladenine (BA) individually. Methanol extracts obtained both from plantlets and
wild plants were analyzed for their total phenolics and flavonoid contents, then quantified by HPLC. The highest total phenolic (8.83
mg/g as gallic acid equivalent) and total flavonoid (0.92 mg/mL as rutin equivalent) values were from the MS media supplemented with
1.0 mg/L kinetin and 0.5 mg/L BA, respectively. The plantlets grown in those media also showed remarkable antioxidant activities with
an IC50 value of 4.77 µg/mL in DPPH and 100% inhibition in β-carotene assays, respectively. HPLC analysis proved the production of
protocatechuic, caffeic, vanillic, rosmarinic, ferulic, and o-coumaric acids and rutin. Rosmarinic acid production was predominant
in natural samples (115.2 mg/100 g dry weight), while the aforesaid phenolic acids were prevalent in plantlets grown on MS media
supplemented with KIN or BA at various concentrations. Rutin production was the highest (50.74 mg/100 g dry weight) in the plantlets
grown on MS medium containing kinetin (1.0 mg/L). As an economically important chemical, rosmarinic acid was selected as the target
chemical and a novel method was introduced to achieve its selective isolation.
Key words: Thymus pseudopulegioides, micropropagation, antioxidant activity, phenolics

1. Introduction
Thymus pseudopulegioides is a perennial shrub, growing
wild in the Black Sea region of Turkey. Its herbal parts
are consumed as tea, condiments, and herbal remedies
for gastrointestinal disorders and it is known as Anzer
tea (Rize) and Anuk (Trabzon) by local people. In a
previous study (Sunar et al., 2009), various Thymus species
(including T. pseudopulegioides) were authenticated for
their chemical profiles, revealing significant differences at
intra- and interspecific levels. These variances in chemical
levels could be attributed to the presence of genetic and
biochemical alterations as well as climatic and geographical
conditions, bringing limitations in using Lamiaceae
species in natural products-based industry. In order to
avoid these limitations, effective strategies are required
and, in this sense, plant tissue culture applications have
become useful tools as they enable rapid and year-round
growth of cultures in vitro, avoiding seasonal and climatic
conditions without overcollection of wild species.
* Correspondence: atalay.sokmen@gidatarim.edu.tr
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The in vitro production of rosmarinic acid (RA), an
ester of caffeic acid and 3,4-dihydroxyphenyllactic acid,
has particular importance as it has always been included
in important phenolics lists owing to its antioxidant,
antiinflammatory, anticancer, and antidiabetic properties,
make it attractive in the food industry as well as
complementary medicine (Petersen and Simmons, 2003).
The organic synthesis of RA is tedious, time-consuming,
and costly (Chapado et al., 2010; Brahmachari, 2013).
Therefore, producers still rely on natural sources in terms
of RA supply and recently in vitro grown plantlets have
become more promising (Su et al., 1995; Chapado et al.,
2010). The first successful in vitro production of rosmarinic
acid was achieved by using cell cultures of Coleus blumei
Benth. (Razzaque and Ellis, 1977; Zenk et al., 1977). They
successfully produced RA in vitro at 21% (w/w) as dry
weight base. Afterwards, many researchers contributed
to the accumulation of information concerning RA
production in vitro (e.g., Ulbrich et. al., 1985; Pavlov et al.,
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2005; Bauer et al., 2015). Alternative techniques have also
been recently introduced; for instance, Döring et al. (2014)
made an attempt to increase the biosynthesis of RA in lemon
balm (Melissa officinalis L.) by increasing photosynthesis
through exposing background ozone. Efforts concerning
the in vitro production and optimization of rosmarinic
acid are still in focus and several reports are available in
the literature (e.g., Chattopadhyay et al., 2002; Fang et al.,
2012).
Nevertheless, purification of desired bioactive
natural compounds has always been problematic due
to the presence of large amounts of undesired identical
metabolites that interfere during separation processes
(Cordell, 2011). For the extraction of RA, various strategies
have been reported, mostly involving the use of extraction
steps that include preparative high-performance liquid
chromatography (HPLC) for final purification (Georgiev
et al., 2006; Achamlale et al., 2009; Geller et al., 2010;
Zibetti et al., 2013). Nowadays, the choice of “green
processes” receives much attention as they fulfill the
demand of GRAS (“generally recognized as safe”) and
offer cost-effective, rapid, and convenient processing
(Soto et al., 2011; Gałuszka et al., 2013). The choice of
efficient and economic materials for the extraction is also
important. For example, a nonionic surfactant, Triton-114,
has been found to be an efficient, cost-effective and reliable
extractant for some particular compounds (Sutcliffe and
Hogg, 1993; Katsoyannos et al., 2006).
To the best of our knowledge, no comprehensive
report is available in the literature concerning the
micropropagation of T. pseudopulegioides as well as
phenolic profiles and antioxidant activity. Therefore, the
current study presented here can be envisaged as the
first report related to the aforesaid studies. In terms of
producing RA via a sustainable technique and nontedious
purification, successful attempts have been applied to
enhance the quantity of RA with the fewest interfering
compounds, thereby leading to its convenient production
and purification.
2. Materials and methods
2.1. Materials
Basal media, plant growth regulators, sucrose, and
phytoagar were purchased from Duchefa Biochemie
(the Netherlands). Organic solvents and reagents such as
hexane, dichloromethane methanol, acetonitrile, and acetic
acid were from a local authorized supplier of Merck KGaA
(Germany). As standard references, phenolic acids (gallic
acid (GA), protocatechuic acid (PA), p-hydroxybenzoic
acid (p-BA), chlorogenic acid (Ch-A), caffeic acid (CA),
vanillic acid (VA), syringic acid (SA), ferulic acid (FA),
benzoic acid (BA), o-coumaric acid (o-CouA), and
rosmarinic acid (RA)) and flavonoids (quercetin, catechin,

epicatechin, and rutin) were purchased from the local
supplier of Sigma-Aldrich (USA).
2.2. Explant source
The flowering specimens of T. pseudopulegioides (Voucher
No. AA 4951) were collected from Anzer Mountain
(A8 Rize: Anzer, 1200 m, August 2011, 40°39′29.8″N,
40°33′04.4″E) and seed collection was performed in
October 2011 from the same locality. Identification was
done by Associate Professor H Aşkın Akpulat (Faculty of
Education, Cumhuriyet University, Sivas, Turkey) and the
voucher specimens were deposited at the herbarium of
Artvin Çoruh University (ARTH).
Mature seeds were employed for the germination.
Seeds were stored at 4 °C until use. For chemical analyses,
samples collected from the field and micropropagated
plantlets were both dried in shaded, well-aerated
conditions.
2.3. Viability and surface sterilization of the seeds
Viability tests of the mature seeds of T. pseudopulegioides
were performed by staining in 1% 2,3,5-triphenyl
tetrazolium chloride solution (pH 6.5) for 2 days at 32 ± 1
°C. Seeds were then screened under a binocular microscope
and orange-red seeds were considered as viable.
Surface sterilization of T. pseudopulegioides seeds was
carried out by following a previously described procedure
(Bektaş et al., 2013). Briefly, seeds were kept in 5% sucrose
containing a few drops of commercial bleach (Domestos,
includes 4.5% sodium hypochlorite) for 12 h. After 12 h,
the solution was taken and seeds were treated with H2O2
for 30 min. Surface-sterilized seeds were then sown in
culture media.
2.4. Effects of media on seed germination
Murashige and Skoog (MS) (Murashige and Skoog, 1962),
Linsmaier and Skoog (LS) (Linsmaier and Skoog, 1965),
White (WM) (White, 1943), Gamborg’s B5 (Gamborg et
al., 1968), and Schenk and Hildebrandt (SH) (Schenk and
Hildebrandt, 1972) basal media were individually evaluated
for their possible promoting effects on seed germination.
All aforesaid basal media were supplemented with 2%
sucrose and 0.8% phytoagar and adjusted to pH 5.7–5.8 by
using 1 M HCl or NaOH before autoclaving at 121 °C and
1.1 atm for 15 min. Surface-sterilized seeds were placed on
the medium (each vessel contained 5 seeds). Seeds were
incubated in a growth chamber at 24 ± 2 °C under 16/8 h
light/dark in low light conditions, illuminated with cool
white fluorescent lamps (32 µmol m–2 s–1). After 30 days,
germination percentages were calculated by dividing the
number of germinated seeds by the total number of viable
seeds in the same media. Twenty replicates of vessels were
used for each germination medium treatment.
2.5. Direct organogenesis
Three different plant growth regulators (PGRs), namely
BA 6-benzyl adenine (BA), kinetin (KIN), and thidiazuron
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(TDZ), were examined for their effects on shoot elongation,
leaf formation, multiple shoot formation, and dry biomass
of T. pseudopulegioides plantlets by using concentrations of
0.25, 0.5, 1.0, and 2.0 mg/L individually. In order to avoid
the ‘carry-over’ problem, nodal segments from germinated
seedlings were first cultured on MS medium supplemented
with BA (1.0 mg/L) and KIN (0.1 mg/L). After three
subcultures, each having 30-day intervals, shoots from
plantlets were cut into pieces including a nodal segment
(approximately 1 cm long) transferred to MS modified
with the PGRs mentioned above. Cultures were incubated
for 60 days in the growth chamber, maintained under the
same physical conditions given above. Each culture was
coded as representing the PRG-supplemented medium
in which plantlets were grown, e.g., KIN-01 implies the
plantlets growing on MS medium with kinetin (0.25 mg/L,
and so on) After 60 days, shoot elongations, number of
leaves, and number of multiple shoots from each plantlet
were recorded. Plantlets obtained from each medium
were then harvested, dried in the shade, and extracted for
chemical analyses. Plantlets growing in PGR-free media
were evaluated as the control.
2.6. Extraction procedure and chemical analyses
Extracts from both naturally growing plants and
micropropagated plantlets being grown on MS media
supplemented with various PGRs at different concentrations
were prepared by following a method reported elsewhere
(Ma et al., 2009). Briefly, each sample of 100 or 200 mg
(as per availability of biomass) was macerated first in
10 mL of hexane and dichloromethane (same volume)
for 10 min and every time the solvent was filtered while
residue was taken for further processing. Defatted and
terpene-free residue was then extracted in methanol via
the same process of maceration for 30 min and methanol
was evaporated in vacuo, followed by hydrolyzing with
acidic water (pH 2.0) and vigorous shaking followed by
extraction with diethyl ether and ethyl acetate (3 × 5 mL
each). Organic phases were combined and evaporated and
the residue was stored at –20 °C until use.
2.6.1. Total phenolic contents (TPC, F-C assay)
Stock solutions of each extract were prepared in methanol
(5 mg/mL). A mixture of Folin–Ciocalteu (F-C assay)
reagent/water (750 µL, 1:14) was added to 50 µL of sample
and left for 3 min to react. The reaction was stopped by
adding 200 µL of 20% Na2CO3. After an incubation period
for 30 min in the dark, the absorbance of the reaction
mixture was read at 760 nm (each measure in triplicate)
and methanol was used as a blank sample/reference (50
µL instead of the extract). The TPC concentration was
calculated using a gallic acid standard curve ranging
from 62.5 to 1000 mg/L and expressed as mg/g gallic acid
equivalent (Singleton and Rossi, 1965).
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2.6.2. Total flavonoid contents (TFC)
Stock solutions of each extract were prepared in methanol
(4 mg/mL). First, 0.5 mL of sample was added to 1.5 mL
of AlCl3.6H2O (prepared in 2% methanol solution). Sealed
bottles were kept in the dark for 10 min. Absorbance was
read at 430 nm. Methanol solution of AlCl3 was used as
a blank and measured (each measure in triplicate). A
series of dilutions of rutin was prepared and assayed
simultaneously. Flavonoid contents were expressed as mg/
mL as rutin equivalent (Lamaison and Carnart, 1991).
2.6.3. HPLC conditions
Extracts were first filtered by passing them through
a Millipore filter (0.45 µm) and their HPLC analyses
were performed by using a previously validated method
(Hatipoğlu et al., 2013). All reference standards and
samples were prepared as 1 mg/mL in methanol (MeOH).
HPLC (ELITE LaChrome, Hitachi) was performed with
quaternary pumps (L-2130 model) and an autoinjector
(model L-2200), connected to a photo diode array (L-2455
model). A C-18 reverse phase column (250 mm × 4.6 mm
id, 5 µm particle size) was used for the analysis. The mobile
phase was a mixture of solvent A (2% acetic acid in water)
and solvent B (70:30, acetonitrile/water). The injection
volume was 20 µL and the column was kept at 30 °C. The
flow rate was kept constant at 1 mL/min using gradient
programming: starting the flow of the mobile phase as B
(5%) to 3 min, gradual increase (up to 15%, 20%, 25%,
40%, and 80% at 8, 10, 18, 25, and 35 min, respectively),
dropped back to 5% at 40 min, and left for 10 min to
equilibrate in the column. The eluent was continuously
monitored through PDA by measuring at three different
wavelengths of 280, 315, and 350 nm.
2.6.4. Selective extraction of rosmarinic acid (RA)
A new extraction approach was developed using deionized
water and 0.5% to 1.0% Triton-114 surfactant (five trials),
which has already been used as a micelle for cloud-point
extraction of other analogs (Katsoyannos et al., 2006).
In a conical flask, Triton-114 and deionized water were
mixed and placed on a magnetic stirrer. Then 50 mg of
each sample (from natural plants and plantlets obtained
from micropropagation) was taken, defatted by shaking
in n-hexane for 5 min, and filtered. The residue was
again shaken (5 min) in dichloromethane for removing
compounds of medium polarity (e.g., terpenes). The
residue was then extracted in methanol to obtain the
phenolic fraction for 20 min. After evaporating methanol,
the residue was mixed with 50 mL of pure water or
surfactants (0.01%–1% in water) and shaken vigorously.
The undissolved part was physically separated by decanting
water or surfactant using a separating funnel. At this step,
only RA was present in the surfactant. After that, 15 mL
of ethyl acetate was added into the separating funnel and
shaken vigorously. After leaving the layers for 5 min to
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separate, the upper layer was collected. The lower part was
again extracted with ethyl acetate and both were mixed
to evaporate and dissolved into 1.5 mL of methanol to be
inject into HPLC. The efficiency of the suggested method
was observed by recovery study. The calibration curve of
RA (1 to 10 mg/L) was established with an r2 value of 0.999
to quantify RA in samples.
2.7. Antioxidant activity
2.7.1. DPPH assay
The assay was carried out by following a protocol given
elsewhere (Kartal et al., 2007). Briefly, the stock solutions
(10–20 mg/mL) of each extract were prepared in methanol
and if necessary sequential dilutions were made. Aliquots
of 50 µL of the extract solution were mixed with 5 mL of
a freshly prepared 0.004% (w/v) DPPH radical methanol
solution and allowed to stand for 30 min in the dark at
room temperature for any reaction to take place. The
absorbance values of these solutions were recorded on
a UV-Vis spectrometer (Unicam UV2-100) at 517 nm.
The antiradical activity was defined as the amount of
antioxidant necessary to decrease the initial DPPH
concentration by 50% (i.e. the decrease of absorbance by
50%, defined as IC50). The inhibitions of DPPH radical in
percentage (I%) were calculated as follows:
I% = [Ablank – Asample] / Ablank] × 100
IC50 values (µg/mL) were calculated from a graph
plotting I% against extract concentration.
2.7.2. β-Carotene/linoleic acid bleaching assay
External factors such as heat, light, and oxidants (like
linoleic acid here) cause chemical changes and color changes
of β-carotene due to Z/E isomerization or formation of
degradation compounds such as epoxides, short chain
products, and, in some cases, volatile compounds (Musa
et al., 2013). In this assay, the antioxidant capacity was
determined by measuring such changes arising from linoleic
acid oxidation (Tepe et al., 2005). In the β-carotene/linoleic
acid mixture, the antioxidant competes with β-carotene
for transferring hydrogen atom(s) to the peroxyl radicals
(R1R2HCOO°) formed from the oxidation of linoleic
acid in the presence of molecular oxygen (O2) and
converts them to hydroperoxides (R1R2HCOOH), leaving
the β-carotene molecules intact (Huang et al., 2005). The
remaining β-carotene gives an estimation of the antioxidant
potential of the sample. A mixture of β-carotene and
linoleic acid was prepared by adding together 0.5 mg of
β-carotene in 1 mL of chloroform (HPLC grade), 25 µL of
linoleic acid, and 200 mg of Tween 20, and this was mixed
vigorously. Chloroform was then completely evaporated
under a vacuum and 100 mL of oxygenated distilled
water was subsequently added to the residue and mixed
gently to form a clear yellowish emulsion that was to be
used as soon as possible. The extracts and BHT (positive
control) were individually dissolved in ethanol (2 mg/

mL), 350 µL of the portion was placed into a test tube, and
2.5 mL of β-carotene and linoleic acid mixture was added
to the test tube and mixed thoroughly. The test tubes were
incubated at room temperature for 24 h together with a
negative control (blank) containing the same volume of
ethanol instead of the extracts. The absorbance values
were measured at 490 nm on a UV-Vis spectrometer. The
relative antioxidant activity (RAA%) of the samples was
calculated by using the following equation:
RAA% = [Asample / ABHT] × 100

2.8. Statistical analysis
All experiments were carried out in triplicate. Data
obtained from experiments concerning germination,
shoot formation, and total phenolics and flavonoid
contents were statistically analyzed using one-way analysis
of ANOVA, and the means ± SEs (standard errors) were
subjected to Duncan’s multiple range tests at P < 0.05.
3. Results and discussion

3.1. Effects of basal media on seed germination
Surface-sterilized T. pseudopulegioides mature seeds
showed 64.5% viability. No contamination was recorded
from inoculated seeds sterilized with H2O2. Germination
percentages and times of seeds are given in Table 1. Of
all five tested basal media, seed germination at day 30
was highest and germination time was shortest for those
grown in MS basal medium. Germination percentages of
MS, LS, WM, B5, and SH basal media were determined as
92.57%, 90.19%, 71.18%, 90.93%, and 60.91%, respectively.
Seeds commenced germination in the aforesaid media
within 5, 11, 6, 5, and 7 days, respectively. Data presented
in Table 1 emphasize that both MS and B5 basal media are
equally effective for germination when germination rates
and duration are both taken into consideration.
MS and B5 are both very common basal media
employed in plant cell culture applications. Having a
higher salt concentration, the former is more preferable
and its full, half, or quarter strengths have been
comprehensively employed as basal media in many tissue
culture experiments including various Thymus species
(e.g., Saez et al., 1994; Özüdoğru, 2011; Marco-Medina
and Casas, 2015).
3.2. Direct organogenesis studies
All tested PGRs demonstrated positive effects on the shoot
elongation, leaf formation, multiple shoot formation, and
percentage dry weight of T. pseudopulegioides plantlets.
Nevertheless, the following were found to be comparatively
ineffective in some parameters being evaluated: 0.25 and
0.5 mg/L TDZ for shoot elongation; 1.0 and 2.0 mg/L KIN,
2.0 mg/L TDZ, and 0.25 mg/L BA for leaf number; and 1.0
mg/L KIN and BA and 0.5, 1.0, and 2.0 mg/L TDZ for dry
biomass (as mg dry weight per plantlet produced) (Table 2).
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Table 1. Germination rate and duration of T. pseudopulegioides seeds in different basal media without PGRs.
MS

LS

WM

B5

SH

Germination rate (%)

92.57 ± 2.3a

90.19 ± 3.1a

71.18 ± 2.6b

90.93 ± 2.8a

60.91 ± 3.2c

Germination time (days)

5

11

6

5

7

MS: Murashige and Skoog, LS: Linsmaier and Skoog, WM: White’s medium, B5: Gamborg’s B5, SH: Schenk and
Hildebrandt. Values followed by different letters in the same line are significantly different at P < 0.05. Values
represent mean ± SE (n = 3).
Table 2. Effects of PGRs on the shoot formation parameters of T. pseudopulegioides.

BA

TDZ

KIN

PGRs

Concentration
(mg/L)

Shoot elongation
(mm)

Leaf number

Shoot number

Dry weight 1

0.25 (KIN-01)

34.4 ± 1.8f

14.9 ± 1.8a

1.2 ± 0.4h

16.5 ± 0.8d

0.5 (KIN-02)

39.1 ± 1.3e

12.4 ± 1.6c

2.1 ± 0.8fg

14.1 ± 1.0ef

1.0 (KIN-03)

43.4 ± 1.5c

10.3 ± 1.3e

3.0 ± 0.7d

13.3 ± 0.6g

2.0 (KIN-04)

49.1 ± 1.5a

8.7 ± 1.0g

2.5 ± 0.5e

14.6 ± 0.7e

0.25 (TDZ-01)

17.2 ± 1.3k

13.3 ± 1.2b

1.4 ± 0.5h

18.6 ± 0.5b

0.5 (TDZ-02)

20.6 ± 2.6j

14.9 ± 0.9a

3.4 ± 0.6c

10.4 ± 0.5i

1.0 (TDZ-03)

26.1 ± 1.3i

12.0 ± 0.8cd

3.9 ± 0.6b

8.7 ± 0.4j

2.0 (TDZ-04)

30.2 ± 2.2h

10.1 ± 0.8e

4.3 ± 0.7a

6.9 ± 0.5k

0.25 (BA-01)

32.5 ± 1.8g

9.4 ± 0.9f

1.9 ± 0.1g

23.8 ± 0.6a

0.5 (BA-02)

35.3 ± 1.2f

11.5 ± 0.9d

2.3 ± 0.4ef

17.6 ± 0.7c

1.0 (BA-03)

44.7 ± 1.6b

13.0 ± 0.8b

3.2 ± 0.7cd

12.1 ± 0.3h

2.0 (BA-04)

40.5 ± 1.6d

11.4 ± 0.8d

2.4 ± 0.5e

14.4 ± 0.5ef

19.7±2.0j

10.7 ± 0.8e

1.1 ± 0.3h

13.8 ± 0.7fg

Control (no PGR)

Dry weight is presented as mg per plantlet produced. Means within a column followed by the same letter are not significantly different
using Duncan’s multiple range test (P < 0.05).
1

The highest shoot elongation was observed in MS with
2.0 mg/L KIN (49.1 mm). KIN (0.25 mg/L) and TDZ (0.5
mg/mL) had significant effects on leaf formation with
average values of 14.9 leaves per shoot. Media containing
higher concentrations of TDZ gave maximum multiple
shoots, and 2.0 mg/L TDZ in particular (4.3 shoots per
explant). In the lowest concentrations, all PGRs were
effective in terms of biomass (Figure) and the highest yield
was obtained from BA (23.8 mg dry weight per plantlet
produced) (Table 2).
The numbers of shoots as well as shoot elongation
were apparently influenced by the MS medium itself. The
highest shoot number were obtained in the presence of
TDZ. However, the presence of TDZ is favorable at lower
concentrations and after 1.0 mg/L it caused hyperhydricity.
Although cytokinins favored shoot multiplication (Kumar
et al., 2001), higher concentrations may cause dramatic
effects as happened in this case. According to a previous
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report (Huetteman and Preece, 1993), TDZ promoted
shoot initiation but inhibited shoot elongation at higher
concentrations. Lower TDZ concentrations stimulated the
formation of shoots, whereas higher concentrations caused
slow elongation and callus formation and unhealthy tiny
shoots. Our findings given here are also in accordance
with the previous reports (Sáez et al., 1994; Ledbetter and
Preece, 2004; Ozudogru et al., 2011; Coelho et al., 2012).
3.3. Total phenolics (TPC) and total flavonoid contents
(TFC)
The TPC of all samples ranged from 3.15 to 8.83 mg/g as
gallic acid equivalents (Table 3). Extracts from plantlets
grown on media supplemented with 1.0 and 2.0 mg/L KIN
had higher TPC whereas those from both natural plants as
well as plantlets grown on MS media containing no PGRs
(control) and/or those from others grown in the presence
of different PGRs contained lower TPC. These results
imply the negative correlation between the growth and

GÜNAYDIN et al. / Turk J Biol

Figure 1. Plantlets obtained from MS basal media supplemented with (1) 0.25 mg/L TDZ (TDZ-01), (2) 0.25 mg/L KIN (KIN01), and (3) 0.25 mg/L BA (BA-01). Bar: 1 cm.

accumulation of the phenolics. The results given in Table
2 further support these findings, revealing that higher dry
biomass does not lead to accumulation of phenolics and vice
versa. Especially in the case of TDZ, increasing concentration
did not support growth or phenolics accumulation and it
caused vitrification instead.
The TFC of all samples ranged from 0.22 to 0.92 mg/mL
as rutin equivalents. The highest TFC was from those grown
on MS supplemented with 0.5 mg/L BA (BA-02), followed by
all TDZ applications. However, in the latter case, the amount
reached a peak when the media contained TDZ at 0.5 and
1.0 mg/L and it decreased at higher concentrations. Both the
TPC and TFC amounts of the samples are also subject to
growth conditions both in vivo and in vitro and this fact has
already been reported in several Lamiaceae species (SantosGomes et al., 2003; Barros et al., 2012; Costa et al., 2012).

3.4. Phenolic profiles
The HPLC procedure given here is a modification of our
previous study (Hatipoğlu et al., 2013) by monitoring
some minor changes in the gradient program for better
separation. Two couples of peaks (i.e. chlorogenic acidcaffeic acid and syringic acid-epicatechin) had a very
small difference in retention time; however, this was
compromised by having a PDA detector.
Fifteen phenolics (flavonoids and phenolic acids) were
employed as reference compounds (all given in Section
2.1), and in general, only seven of them were identified in
all samples (protocatechuic, caffeic, vanillic, rosmarinic,
ferulic, and o-coumaric acids and rutin). However, as
given in Table 4, none of the phenolics identified were
available in any individual sample analyzed. Apparently,
both phenolic profiles and quantitative amounts of all

759

GÜNAYDIN et al. / Turk J Biol
Table 3. Total phenolic (TPC) and total flavonoid contents (TFC) of both naturally growing and
micropropagated T. pseudopulegioides plantlets.*
Sample

TPC 1

TFC 2

Flavonoids/phenolics

Natural (wild)

6.33 ± 0.59cd

0.60 ± 0.04c

0.09

Control (no PGRs)

5.70 ± 0.47cd

0.47 ± 0.03d

0.08

KIN-01

4.81 ± 0.42d

0.32 ± 0.01f

0.06

KIN-02

3.40 ± 0.38e

nd

nd

KIN-03

8.83 ± 8.05a

0.38 ± 0.02e

0.03

KIN-04

7.40 ±5.60b

0.31 ± 0.03f

0.03

TDZ-01

3.15 ± 1.80e

0.22 ± 0.01g

0.07

TDZ-02

3.21 ± 0.80e

0.71 ± 0.05b

0.22

TDZ-03

4.95 ± 0.76d

0.70 ± 0.04b

0.14

TDZ-04

4.25 ± 0.65d

0.61 ± 0.03c

0.14

BA-01

3.17 ± 0.28e

0.61 ± 0.05c

0.19

BA-02

5.56 ± 0.40cd

0.92 ± 0.06a

0.16

BA-03

6.63 ± 0.38c

0.47 ± 0.03d

0.07

BA-04

4.58 ± 0.44d

0.61 ± 0.04c

0.13

mg/g as gallic acid equivalent, 2 mg/mL as rutin equivalent, nd: not determined. *Micropropagated
plantlets were grown on MS medium. Values are expressed as mean ± SE (n = 3). Values followed by
different letters within the same column are significantly different at P < 0.05.

1

Table 4. Major phenolics from naturally growing and micropropagated plantlets of T. pseudopulegioides (mg/100 g, based on dry weight
of plantlets).
Samples

PA

CA

FA

o-CouA

RA

VA

Rutin

Wild plant

36.33

11.24

5.44

nq

115.23

26.75

7.22

KIN-01

23.39

7.23

3.50

nq

nq

17.22

4.65

KIN-02

tr

nq

nq

nq

11.91

16.25

tr

KIN-03

25.51

7.89

3.82

nq

nq

18.78

50.74

KIN-04

22.13

6.84

3.31

nq

nq

16.30

44.03

TDZ-01

4.68

8.07

nq

0.41

nq

nq

nq

TDZ-02

31.96

11.65

1.83

0.44

nq

nq

6.54

TDZ-03

32.64

9.36

3.68

0.66

tr

nq

3.94

TDZ-04

25.35

2.33

4.08

0.55

tr

nq

4.23

BA-01

23.40

16.15

13.16

tr

nq

nq

0.70

BA-02

41.53

12.42

1.48

0.61

tr

nq

1.45

BA-03

18.26

10.16

6.83

0.33

nq

nq

2.79

BA-04

16.17

9.32

2.16

2.36

tr

nq

1.42

No PGR (control)

3.29

1.01

0.49

nq

5.31

2.42

0.65

PA, Protocatechuic acid; CA, caffeic acid; FA, ferulic acid; o-CouA, o-coumaric acid; RA, rosmarinic acid; VA, vanillic acid. nq, not
quantified; tr, trace. Micropropagated plantlets were grown on MS medium.
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identified phenolics largely depend on the extract’s
source. This fact is apparent between wild (natural) plants
and micropropagated plantlets. The former have higher
amounts of phenolics with some exceptions, as observed for
rutin, protocatechuic, ferulic, and caffeic acids. In contrast,
plantlets grown on PGR-free basal media contained the
lowest amount of the identified phenolics, implying that,
irrespective of the concentrations applied, all cytokinins
have positive impacts on the production of the phenolics
studied. In terms of individual evaluation, protocatechuic
acid and ferulic acid were prevalent in the samples
analyzed except for those grown on PGR-free media, as
mentioned above. MS basal medium supplemented with
BA (0.5 mg/L) favored the highest protocatechuic acid
production (41.53 mg/100 g dry weight). Caffeic and
ferulic acid production appeared to be promoted by BA
(0.25 mg/L, BA-01), whereas o-coumaric acid was found
only in samples grown on the media with TDZ or BA. In
the cases of vanillic acid and rutin, the findings are also
interesting (Table 4). When all results were compared,
KIN (particularly at 1.0 mg/L and 2.0 mg/L, KIN-03 and
KIN-04) seemed to favor rutin production at considerably
higher amounts as well as vanillic acid, although the
amount of the latter was lower than that of the wild plant.
All aforesaid phenolic compositions were similar to those
in reports concerning the in vitro phenolic profiles of
other Thymus species (Dorman et al., 2004; Kulišic et al.,
2006; Özgen et al., 2011).
The most interesting PGR impact was apparently on
the production of RA since it was only available from
natural plants, the plantlets grown on PGR-free and
particularly those grown on media with 0.5 mg/L, coded
as KIN-02. RA is an economically important chemical
among the phenolics quantified, as emphasized before.
However, some unknown/unidentified peaks could be of
interest, which were only found in our micropropagated
samples. Accumulation of RA is apparently subject to
in vitro environmental change, and its production can
be monitored by nutrient or hormonal modifications
(Georgiev et al., 2007; Karuppusamy, 2009; Costa et al.,
2012, 2013).
When compared with Thymus lotocephalus and its
micropropagated plantlets (Costa et al., 2012), the phenolic
profile of T. pseudopulegioides is found comparable in terms
of quantitative results as more phenolics were identified.
3.5. Antioxidant activity
Antioxidant activity of all samples was investigated by
two assays, namely DPPH and β-carotene, using BHT
as a positive control in both methods. IC50 values in the
DPPH assay were determined by serial dilutions of sample
extracts and calculating the fifty percent inhibition levels
(µg/mL) from the corresponding calibration curves.
Results are summarized in Table 5.

Table 5. Antioxidant activities of extracts based on DPPH (IC50)
and β-carotene-linoleic acid assay (relative antioxidant activity,
expressed as RAA%).
Sample

IC50 (µg/mL)

RAA%

Natural (wild)

4.89

33.33

Control (no PGRs)

22.38

43.09

KIN-01

12.50

45.74

KIN-02

45.44

46.99

KIN-03

21.76

48.58

KIN-04

4.77

76.06

TDZ-01

27.27

48.03

TDZ-02

25.77

54.18

TDZ-03

24.50

85.56

TDZ-04

25.60

72.05

BA-01

26.90

47.47

BA-02

25.83

100.00

BA-03

24.20

76.18

BA-04

27.37

64.12

Of all samples assayed for TPC, plantlets on MS basal
medium with kinetin (0.5 mg/L, KIN-02) exerted the
highest IC50 value (lowest activity). KIN-04 and KIN-03
samples were also potent antioxidants against DPPH free
radicals. More interestingly, KIN-03 is rich in TPC, TFC,
and individual phenolic contents but did not exert good
activity in DPPH scavenging. This might be due to some
unidentifiable contents that are expected to be present, as
reported earlier in T. lotocephalus, such as epigenin and
luteolin (Costa et al., 2012).
In the β-carotene assay, the ability of BHT (2 mg/mL)
to prevent the oxidation of linoleic acid was taken as 100%
and, relative to this, the activity of plants was calculated as
given in Table 5. In contrast to the DPPH assay, all samples
with TDZ and BA provided better inhibition of linoleic
acid oxidation than KIN treatments. However, considering
the intraassay figures, it can be seen that naturally growing
plants were ineffective for inhibition. This is a questionable
finding since TPC, TFC, and phenolic constituents
determined by HPLC analysis were high in the extracts
obtained from wild species. This suggests that the linoleic
acid inhibition test (β-carotene assay) is dependent on
some unknown metabolites formed during in vitro tissue
culture (TDZ- and BA-supplied MS medium). The source
of this high activity should be further investigated based
on in vitro production of active principles.
3.6. RA enrichment
In the present work, an economically feasible, low timeconsuming, safe, and efficient method has been proposed
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for the isolation, extraction, and purification of biosynthetic
production of RA by T. pseudopulegioides. The wild
species and micropropagated plantlets were assessed for
RA production employing a traditional water extraction
process involving acidification and then extraction with
ethyl acetate (Ma et al., 2009). HPLC results revealed that
among the all samples the highest RA was found in KINsupplied medium, among which KIN-2 produced the
highest RA. For purification of RA the surfactant Triton
X-114 was used instead of the acidification method (Ma
et al., 2009). Though other HPLC methods are available
that require little time for RA analyses, this method was
developed for selective extraction of RA. Extractions of
RA from samples employing the traditional and proposed
methods are given in Table 6.
RA extraction from wild and micropropagated
T. pseudopulegioides varied considerably with the
concentration of the surfactant. Experiments were also
performed without surfactant in water and results revealed
that only water was also able to separate the RA from the
rest of phenolics. However, its recovery was too low (15%
to 20%). Using 0.05% to 1.0% Triton-114 surfactant is a
promising way to isolate more RA. Triton X-114 was
used in different concentrations by adding w/v in water.
Below 0.1% it was less efficient to extract RA up to 0.05%,
whereas maximum RA was extracted at 0.1% and its yield
remained constant up to 0.4%. After this point any increase
in Triton X-114 concentration remained ineffective, but
other minor phenolics were being extracted from wild
samples, in particular, as reported elsewhere (Memon et
al., 2008). Obviously, Triton X-114 is capable of extracting
small-sized phenolics at higher percentages; however, it is
efficient at 0.1% for RA. This alternative approach makes
RA isolation selective and economical.
3.7. Conclusions
Attempts have been successfully made concerning
micropropagation of T. pseudopulegioides using MS
medium supplemented with kinetin. The basal medium
(MS) supplemented with kinetin does not only affect the
production of biomass but also creates a positive impact
on antioxidant activity. In a limited time and in controlled
conditions, the biomass of this valuable species is obtained
with strong antioxidant activity as well as phenolic
compounds. In the latter case, selective production of
economically important chemicals is of great interest.
RA content was notable only in natural samples (115.2
mg/100 g dry weight), and plantlets grown on MS medium
supplemented with kinetin (0.5 mg/L) could produce RA

762

Table 6. Extraction yield of rosmarinic acid upon using two
different extracting solvents, namely water and surfactant (1.0%
Triton-114).
RA (mg/100 g)
Sample

Extracting solvent
Water

Surfactant

Control

5.31 ± 0.4

40.65 ± 2.75

Natural plant

115.23 ± 0.97

135.0 ± 8.60

KIN-02

11.91 ± 1.05

92.3 ± 6.65

in reasonable amounts (11.9 mg/100 g dry weight) while
other PGR supplements remained ineffective in this sense.
In contrast, protocatechuic, caffeic, ferulic, and o-coumaric
acids were prevalent in plantlets grown on MS media
supplemented with different concentrations of BA while
rutin production was the highest in the plantlets grown on
MS medium containing kinetin (1 mg/L). These findings
imply that natural (wild) plants produce more secondary
metabolites than those from an in vitro environment, both
in quality and quantity, but selective production of any
economically important plant-derived chemicals becomes
available in plant tissue culture systems. For instance, the
latter provides a good option for the procurement of RA
via biosynthesis followed by a green and environmentally
friendly extraction method. Tissue culture is worldwide
accepted as a safe and sound method of plant growth for
wild plants, which do not grow in sterilized and controlled
environments. After conducting a number of trials, it was
possible to produce RA in T. pseudopulegioides plantlets
grown in vitro with enhanced yield. This not only results
in a greater yield of RA but also avoids any interfering
compounds, which can be problematic in proposed
extraction methods. We conclude that T. pseudopulegioides
plantlets produced in vitro can be utilized as a convenient
route in order to obtain natural antioxidant sources and
RA in particular.
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